T h ongin of t h western Mediterranean basin
For the North African basin, to our knowledge, no model has been proposed; however, Dubourdieu (1962) suggested an en echelon displacement of northern Africa toward the southwest.
We propose a double model for creating the deep basins of the western Mediterranean, with rifting of continental masses and sea-floor spreading. Two systems will be investigated: the triangular Provence basin formed by drifting of Corsica and Sardinia, and the elongated North African basin, the creation of which is related to building of the North African mountains. The proposed models are tentative and will be more thoroughly discussed elsewhere; the present study just displays the main lines of the models.
I . The Provence basin
The pre-drift reconstitution of the continental masses by morphological fitting leads to apparently satisfactoq results. Westphal (1967) and Alvarez (1972) suggest rotation of the continental blocks so that Corsica is the eastern extension of the Provence crystalline massifs and Sardinia is an extension of the Balearic Islands, south of the Gulf of Lion. The adopted limits for the southern edge of the Sardinian continent and the NE Balearic block imply a large angular rotation centred on a pole in the present Ligurian sea, close to the northern tip of Corsica. Smith (1971) proposed another morphological fit in which the Balearic block was rotated back close to Spain and the Corsica-Sardinia block was just east of the reconstructed Balearic-Iberian block. Our approach is different and is based upon a careful examination of the magnetic anomalies and structural directions. (Fig. n ) on the basin's periphery and four of them show a NW-SE preferential orientation : the Gulf of Genoa, the Straits of Bonifacio, NE of the Balearic Islands and the Gulf of Lion.
A series of points has been chosen that describes the orientation of the anomalies. These have been taken Fom a map of the second order vertical derivative of the reduced-to-the-pole anomalies (Le Borgne et al. 1971) . It is well known that the reduced-to-the pole anomalies are better positioned above the causative sources than the simple total field anomalies and that vertical differentiating delineates the shape of the anomalies much better. 50 points have been fed through a programme that computes the best pole with which the points are aligned on smali circles. This is at 5 4 '~ 2 4 O~ and the points describe small circles relative to this pole with a standard deviation that is less than I *5 km. We interpret this pole as describing the movement of Corsica and Sardinia relative to western Europe. It is clear on Fig. 2 that many magnetic features follow small circles, especially two series of secondary magnetic extrema.
It should be realized that the directions of the magnetic anomalies are not necessarily true transform faults. Some of them could correspond to 'transform directions' as defined by Bonnin fracture zones which were created with the initial continental rifting, but later aborted and so did not evolve as transform faults. The 'transform directions' are likely to follow small circles relative to a pole of early opening, as they formed in relation to the initial stage of rifting. In addition, the Provence basin does not show any clear magnetic anomaly pattern similar to the well known pattern of the large oceanic basins in which magnetic anomalies are parallel and symmetrical to the basin's axis.
( B ) STRUCTURAL FEATURES
On the continental margins, the NW-SE direction appears to be dominant from the Gulf of Genoa to the Balearic domain (Fig. 3 ).
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Ligurian sea. From Cape Mele, an important structure strikes NW-~E (Rehault 1968) ; the acoustic basement is vertically offset by this structure with the lowered part on the deep basin side. Dacitic volcanics are associated with this structure (Rehault pers. comm.) . No dates are available on these rocks but a similar volcanism is known east of the Maures massif and is of late-Oligocene age (Bellon & Brousse 197 1) .
From the Maures Masstif to Cape Mele. The margin is deeply cut by numerous canyons, three of which are particularly prominent and show linear tracks suggesting that they are structurally controlled (the Nice, Menton and San Remo canyons). J. M. Auzende et al. Off the Maures Massif. Again the NW-SE direction is well marked at the margin.
A series of normal faults that extend the well known Arles fault to the SE progressively bury the calcareous Provence rocks beneath the sedimentary cover of the Gulf of Lion. Off Cape Creus, the NW-SE direction is well marked and limits the Gulf of Lion to the west. Recent cutting of the margin by canyons seems to be controlled structurally in the same direction.
Balearic Islands. NE of Minorca, the margin is linear and strikes NW-SE. In the north Balearic basin, Auzende et al. (1972) have pointed out that a series of horsts and grabens are controlled by this direction. In addition, the shelf's morphology suggests that there are faults with the same orientation between Majorca and Minorca.
Corsica-Sardinia. The canyons off the NW margin of Corsica follow the NW-SE direction (St-Florent, Ile Rousse and Calvi canyons) as do the northern coastlines of the Gulfs of Porto, Sagone and Valinco and the hypothetical limit between Corsica and Sardinia.
Our marine data are too scarce to define any directions precisely on the Sardinian margin; however the continental limit sw of Sardinia is oriented NW-SE, and, on land, the structural limit between the mainland, Sardinia and the Iglesiente Massif could follow the same direction.
(c) R E C O N S T R U C T I O N A N D A G E O F O P E N I N G
Isobaths (in sec. of two-way travel time) of the acoustic basement are reported in Fig. 3 . This acoustic basement is defined as the deepest reflector that can be traced on the profiler records (Flexotir system). This reflector is in continuity with the continental basement of which the geometry on certain margins is well known; in other words, wherever it can be traced, the acoustic basement represents the foundered extension of the continent and consequently, it will be referred to as continental basement. Its continental character has been checked by dredging south of Provence and by Glomar Challenger drill holes on the Sardinian margin.
The limit of the continent is well defined off Provence where the margin is the extension of the Maures massif crystalline basement. East of the Maures massif, the continental basement is buried beneath a Mesozoic and Tertiary sedimentary cover and its limits are poorly defined. In the Gulf of Genoa and north of Corsica, the limits of the basement are masked by important volcanics. West of Corsica, the margin is quite similar to the one off Provence; the continental slope appears, on seismic evidence to be made of hard-rocks and could mark the limit of the continent. Off Sardinia, the lirnits are precisely known only off the Iglesiente Massif, where Paleozoic material makes up the slope; in addition, the morphology suggests that the Sardinian continental domain extends westward so far as to double the areal extent of the island. NE of Minorca, the continental limit is well defined. In the Gulf of Lion, a very thick Tertiary sedimentary filling masks the basement.
Considering the constraints imposed by the continental limits as outlined, if Corsica and Sardinia are rotated towards the NW relative to the 5 4 '~ 2 4 '~ pole (Fig. 4) , the possible movement of Corsica is limited to a few degrees by overlapping of the Corsican and Provencen continental limits. The same rotation with the same amplitude applied to Sardinia, leaves a large gap between Sardinia, the Balearic Islands and NE Spain. An additional rotation relative to the same pole, applied to Sardinia only, fills most of the gap; the latter would be filled by a hypothetical additional rotation of the sw region of Sardinia. A possible decoupling of the Iglesiente Massif from Sardinia has already been proposed on completely different grounds (Arthaud I 
Th origin of the western Mediterranean basin
5-6 km. Assuming an Oligocene age, this Ieads to a reasonable sedimentation rate. Considering the Provence basin to be of Oligocene age suggests attaching Corsica, Sardinia and the Balearic block to the Iberian plate in pre-Oligocene times. The north Pyrenean fault, which represents the path of the Iberian plate when the Bay of Biscay opened in the lower Cretaceous, (Le Pichon et al. 197 ra) follows approximately the present-day border of the European continent between the Maures massif and the Gulf of Genoa. The north Pyrenean fault lay north of Corsica; hence Sardinia, Corsica and the Balearic islands travelled with Iberia in pre-Oligocene times.
The North African basin (A) S U B M A R I N E F E A T U R E S
The North African basin shows a remarkable set of morphotectonic features (Fig. 5) that are summarized below.
The Alboran basin. The NE-sw direction is well marked in al1 the features of the Alboran basin (Olivet et al. 1973) . The most apparent feature is the Alboran rise: it is a lineament probably made of volcanic material (Giermann et al. I 968) . On the magnetic map of Vogt et al. (1g71), the Alboran rise is associated with a magnetic anomaly. The rise is bordered by two troughs which seem morphologically similar to the trough forming the Gibraltar Straits. In the western Alboran basin, the relief is generally linear and strikes NE-SW; the northernmost positive feature (sampled by the Glomar Challenger) (Olivet et al. 1973 ) could belong to a structure paralleling the Alboran rise and the feature associated with the Gibraltar Straits. To the east, the NE-sw direction controls the Oran continental margin and the margin to the east of the Balearic Islands.
The Southern margin of the Balearic Islands. The most striking feature is the Emile Baudot escarpment, south of the Balearic Islands, the SE end of which is actually a rise similar to the Alboran rise; the comparison is based on the seismic profiler results (Mauffret pers. comm.) . To the NE, the Emile Baudot escarpment is well marked in the topography by a steep slope SE of Majorca, and the NE-sw direction is apparent in the general morphology of the continental margin south of the Balearic Islands .
The Sardinia-Tzmisia Strait appears to be underlain by what we have defined above as continental basement (Auzende, 197 1) . The western limit of the continental basement is controlled by the NE-sw direction as shown by the 4 sec isobath of the basement (Fig. 5 ). This 'continental boundary' is marked by a series of seamounts, the northeasternmost one being elongated in shape in the NE-sw direction. The influence of the NE-sw direction is further shown by the free-air gravity anomaly map (Allan & Morelli I 97 1) .
From points picked on the main features described above (the Alboran rise, the Emile Baudot Escarpment and the Sardinia-Tunisia Straits), a pole has been comptted so that these features lie on small circles centred on the pole. Computations give a pole at 4 5 '~ 13*25Ow, with a standard deviation of 1.5 km. Al1 the structures mentioned above roughly follow small circles relative to the pole; J . M. Auzende et al. this is a remarkable geometric property, that will be interpreted later on in terms of plate kinematics.
Tectonic zoning. In the North African mountains, it is usual to distinguish:
(1) an external domain which belongs to the African platform and which has been affected by a relatively late tectonism (starting in Oligocene times in the Rif Mountains ; Andrieux 1 970).
(2) an internal domain formed by a series of zones made of Paleozoic and Mesozoic material. The Alpine tectonism that has been active in these zones is relatively early (Eocene in the Rif; Andrieux 1970 ). The internal domain shows a remarkable unity from east to west and differs drastically from the Iberian and African old blocks by its pre-Alpine tectonic and metamorphic history (DurandDelga 1969) . It is likely that the internal zones of the Betic Cordillera, of the Rif, of Kabylia, Sicily and Calabria once formed a unique block (Andrieux et al. 197 1 ; Durand-Delga 1969) . It is clear from the preceding discussion that a fundamental discontinuity must separate the internal domain from the external domain.
(3) a series of flysch nappes that are well known in North Africa. The sedimentary sequences of the different nappes are very complex and span from late Jurassic to lower Miocene. The nappes have been mostly emplaced in their present position by gravity sliding. The origin of the flysch on the one hand and the intervening mechanisms (other than gravity sliding) on the other hand, are still debated. Some authors favour an 'ultra' origin, that is from within the internal zones, for at least part of the flysch and a pure gravity sliding emplacement (Mattauer I 
